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Tarbela Reservoir A Question of Induced Seismicity
S.K. Mahdi
Seismologist, Project Monitoring, Tarbela Dam Project, Pakistan

SYNOPSIS
Tarbela Dam which is by volume (105 million rn3) the world's largest earth and rock filled dams is
located on the middle Indus River in northern Pakistan. Having a length at crest of 2.7 Km and
maximum height 143 m, its reservoir has an area of about 100 Sq. Krns, with a maximum depth of about
130 rn and gross capacity of 13.7 Km3.
Complete first impounding of reservoir was carried out
during 1975 and since then i t has completed twelve filling-release cycles.
To study the induced seismic behaviour of Tarbela Reservoir data analysis regarding number of
seismic events and energy release has been carried out, taking an area of 50 Km radius around
Tarbela Dam.
Local Scale was used for magnitude calculations and the energy releases were computed
through Richter's formula:
LogE= 9.9 + 1.9M- 0.024M3
SEISMOTECTONIC FEATURES AROUND THE PROJECT

It was established that the rate of energy
release is six times greater when the reservoir
is below 120 rn height than above 120 m.
The
energy release during June to October on the
average is lower, while from November to May on
the average it is higher when compared with
pre-impounding seismicity level.
Also it was
concluded that for the two prominent faults
i.e. Indus-Darband and Tarnawi-Punjal, the rate
of energy release is three times greater when
reservoir level is below
120 rn than above 120 rn.

The Tarbela Darn Project is surrounded by
seisrnotectonic features of different types
(Figure 1). Inferred faults have been sketched

INTRODUCTION
Tarbela Dam which is by volume (105 million rn)
the world's largest earth and rock filled darn
is located on the Indus River in northern
Pakistan. This location is about 70 Km northwest of Islamabad, the capital of Pakistan.
The multipurpose Project consists of a Main
Darn, two Auxiliary Darns (AD-1 & AD-2) , two
Spillways and a Power Station.
Its Main
Embankment Dam has a length at crest of
2.75 Kms and maximum height of 143 meters.
Reservoir has an area of 100 Sq. Kms, with a
maximum depth of about 130 meters and gross
capacity of 13.7 Krns.3.
The Reservoir was first filled up to a
height of 110 meters during August 1974, and
then rapidly depleated.
First full impounding
of Reservoir was carried out during 1975 summer
and since then it has completed thirteen
fillings and reals cycles.
Maximum height to
which reservoir is filled during each summer is
137 meters.
The Power Station of Tarbela Dam Project
presently consists of 10 generating units.
Each of these units has a maximum power
generating capacity of 175 Megawatts.
Installation of four new units (11-14) with a maximum capacity of 425 MW each has started, which
are expected to be completed by the end of
1990.
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northwest of the Darn Site. These faults have
been inferred by Landsat, Imagery scans and
thirteen years of Microseismic data.
Some
description of tectonic features surrounding
the Project is given in the comrning paras.
Indus-Darband is a steeply dipping fault
passing below the Main Dam.
It forms a 214
meters near vertical escarpment in the Dam
foundation and continues more than 100 Kms
north of it.
Its direction of relative displacement is left lateral strike slip.
Tarnawi-Punjal fault is at its closest
point approximately 12 Kms. from Dam site.
It
extends for at least 80 Kms southwest from the
Western Himalayan Synatas to the Attock area.
At both ends i t appears to merge with major
faults of Himalayan Thrust System and its
direction of offset is a combination of
thrusting and left lateral displacement.
The Indus Kohistan Seismic Zone (IKSZ) ,
which is seismically defined as a straight
extension of main Himalayan Thrust earthquake
belt, is at a distance of about 80 Kms. northeast of Tarbela. Hazara Thrust System (HTS) is
approximately 70 Kms. southwest of IKSZ and
therefore is much closer in plan to Tarbela
Dam. It is primarily a right lateral strike
slip fault.

Some of the common characteristics of
Reservoir Induced Seismicity (Gupta and Hostog
1976) are:
i)
Frequency of earthquakes occurence shows
co-relation with Reservoir levels.
ii)
The focal depths are shallow i.e. within
10 Kms.
iii) The foreshock and aftershock 'b' values
are in general higher than 'b' values for
normal earthquake sequences of the region
concerned.
iv)
Aftershocks have a comparatively slow rat
of decay.
v)
The foreshock-aftershock pattern
correspond to type-2 of Magi's models.
vi)
The magnitude ratio of largest aftershock
to mainshock is high and is of the order
of 0.9.
The first two cases regarding Tarbela
Reservoir are discussed in this paper.
SESIMIC EVENTS AND RESERVOIR LEVEL
In the lowest portion of Figure 2 miscroseismi
events in monthly periods, from August 1973
through December 1986 have been plotted.
Reservoir fluctuations for the same period can
be seen in the upper part of this Figure.

THE SEISMIC DATA AND METHOD
For the monitoring of Microseismic and Tectonic
activities in and around the Reservoir, a
Microseismic network was set into operation
during August 1973. Location of its stations
is given in Figure 1. Presently there are
thirteen transmitting stations, scattered in an
area of about 80 Kms. around the Darn Site.
Each station is telerneterically sending seismic
signal to the Central Recording Section (CRS),
which is recording continuously at the Dam
Site.
Local velocity structure (LDGO 1973-74) is
used to determine the location of Seismic
events, while the magnitude is computed by a
local coda length formula (Jacob 1974 and
1979).
M

-0.30 + 2.28 Log

RESERVOIR

(1)

~ ~ 1 1~1 ~

The microseismic data for a study area of
50 Kms around Tarbela Dam, from August 1973
through June 1987 was scanned for this work.
Energy release has been computed by the
formula:
LOG.E = 9.9 + 1.9 M- 0.024 M2

j;j ·l·~ ~I ~ l lj/~1,~ ~~~~ ~

(2)

RESERVOIR INDUCED SEISMICITY

!

Recent Studies have shown that impounding of
water behind high dams (height 50 meters) , in
moderate seismic areas sometimes induced
earthquakes.
The first indication of Reservoir
Induced Seismicity (RIS) was observed in Greece
(Coats 1981) .
Here water impoundment behind
the Marathon Dam which was initiated during
1929, reached its highest level in 1931 summer
and induced earthquakes. The strongest
seismicity during 1931 through 1966 was always
associated with rapid rise in Reservoir level
(Coats 1981) • Since then more than 70 cases of
Reservoir Induced Seismicity have been recorded
(Guha 1982) all over the world.
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SEISMIC IEVENTS

ial impounding of Reservoir started during
1974, before which there is ten months of
impounding data.
However due to certain
nical reasons the Reservoir was rapidly
eated (after attaining a level of 110
rs).
Later on complete first impounding
carried out during 1975 summer.
During the period August 1973 to December
, there were on average 30 events per
h, which is' a high rate of seismicity
idering the previous record of study area.
r on this level is again observed during
and 1985.
In between i.e. J·anuary 1976
ugh December 1983, seismic events have
rred at a reduced rate of about 16 events
average) per month.
The year 1986 and 1987
also shown a reduced rate of seismicity.
presence of Reservoir may have influenced
occurance of seismic events in this area.
point to consider there is that, the low
1 of seismicity may have been balanced due
orne macro (M
3.0) events.
However, when
o events were counted the rate of .their
.ranee was found to be in consistant with
·o events. Total number of micro and macro
ts during each year is listed below in
.e I.

TABLE-I: Total number of Micro and Macro events

during 1973 through 1986

TOTAL EVENTS

141
434
326

MACRO EVENTS
9

29
16

279
227

23
19

133
135
140
126
143

7
14
8
5

219

12

301
231
73

6

12
19
12

The monthly rate of seismic events have
) retained a consistant relation with
=rvoir levels. During the impounding
Lads (May to September) , we observe a low
= of seismic events, whereas during post
)Unding periods, higher number of seismic
1ts are seen.
The events show a sudden
~ease during the period when Reservoir level
irawn down, from maximum to minimum level.
=ct or inverse behaviour of average monthly
=rvoir level, with number of events per
:h (comparing every month and its previous
:h) , was carried out.
The result showed
t for a period of about 67%, the Reservoir
behaved inversely while for the rest of the
Lod it has showed direct behaviour.
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SEISMIC ENERGY RELEASE
Seismic energy releases for the study area was
computed by the Richter formula. The monthly
energy release for the period August 1973
through December 1986 is plotted in middle
portion of Figure 2.
These plots are for the
crustal depths of 0-5 Kms, 0-10 Kms, 0-20 Krns
and 0-80 Kms.
A general view of energy release portion
of the plots suggests that, there was
relatively high energy release level during
initial periods i.e., August 1973 to middle
1976.
The low level which started from October
1976 and continued up until April 1977, was
followed by significant energy release until
the middle of 1979.
It was again followed by
decreased seismic activity, which later on
increased after middle of 1984. This increased
activity has remained consistant up to present
and is expected to continue until the end of
1988.
Three periods of energy release have not
behaved consistantly with number of events.
During 1976 the energy release remained lower
as compared to seismic events number. Energy
release at various crustal depths during this
period shows little variation. Thus higher
number of events with low magnitude and shallow
crustal depth, may be attributed to the
influence of Reservoir in this area. During
the periods middle 1977 through middle 1979 and
the year 1986, energy release has remained
higher, while the number of seismic events were
less.
The figure suggests shallow crustal
depths for the large magnitude events which
resulted in a high energy release.
Reservoir
Induced Seismicity (which usually goes up to 10
Kms. crustal depth) may have contributed the
high magnitude events, energy for which was
stored due to lesser number of events.
SEISMIC ENERGY AND RESERVOIR LEVEL
The variation of Reservoir level and energy
release were compared by considering various
crustal depths. A similar character was
evident when the number of seismic events was
observed here.
The energy releases are
comparatively high at low Reservoir levels,
whereas reserve was found to be true, for
majority of the low Reservoir level period.
Here also sudden increase in energy is usually
observed when Reservoir is drawn down from
maximum to minimum level, as was case for the
number of events.
The results were found to be
more prominent in crustal depths 0-5 Krns and
0-10 Kms.
This is another indication of the
influence of Reservoir on Seismicity. Direct
and Inverse relation of energy release, with
Reservoir level was calculated, by comparing
every month with its previous month.
Results
computed are presented in Table 2.
To look into the energy release at Reservoir
Level above and below 120 meters, yearly
computations were carried out for depth 0-80
Krn. These are given in Table 3. From this
Table we observe that the rate of energy
release is nearly six times greater when the
Reservoir Level is below 120 meters height than
above 120 meters.

TABLE-4. Yearly Energy release (1914 through 1986) along
Indus-Da:rband Fault Zone (107 Km) and TarnawiPunjal Fault Zone (107 Km) above and below
120 meters elevation (reservoir)

TABLB-2. Relationship between Direct and Inverse

Energy release with Reservoir level

CRUSTAL
DEPTH (Km)
0
0
0

0
5
10
20

-

-

34%
37%
47%
51%
39%
52%
48%

66%
63%
53%
49%
61%
48%
52%

5
10
20
80
10
20
80

Penod of TlDle

DIRECT
RELATIONSHIP

INVERSE
RELATIONSHIP

Year

(Years)
Above
120 m

Energy Released
16
1o 16 Erg:s) (10

Below
·120 m

Above
120 m

Below
120 m

Rate of Energy Rel1
16
Ergs/Year)
Above
Below
120 m
120 m

1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986

None
0.403
0.776
0.229
0.304
0.216
0.211
0.186
0.153
0.364
0.351
0.186
0.241

0.707
0.597
0.224
0.701
0.696
0.784
0.789
0.814
0.847
0.636
0.649
0.814
0.759

0.26
10.53
1.28
0.00
3.20
0.11
0.13
50.24
0.69
3.45
1.55
2. 73

2.22
9.03
0.00
588.44
1.80
0.11
17.34
6.47
143.06
0.89
8.34
12.25
15.33

0.65
13.57
4.28
0.00
14.81
0.52
0. 70
328.37
1.90
9.82
8.33
11.32

3.14
15.13
o.oo
839.43
2.59
0.14
21.98
7.95
168.90
1.40
12.85
15.04
20.02

Total:

3.69

9.017

130.00

867.49

35.23

96.20

uo

TABLE-3. Yearly Energy release (1974 through 1986) within
50 Km.Radial distance from Tarbela reservoir,
above and below 120 meters mevation (reservoir)

Year

Period of T1me
(Years)
Below
Above
120 m
120 m
2

1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986

None
0.403
0.776
0.299
0.304
0.216
0.211
0.186
0.153
0.364
0.351
0.186
0.241

3
0.707
0.597
0.224
0.701
0.696
0. 784
0.789
0.814
0.847
0.636
0.649
0.814
0.759

Energy Released
10 16 Ergs)
Above
Below
120 m
120 m
4

0.26
25.99
38.99
0.00
3.81
0.25
0.29
50.38
2.29
4.43
1.80
0.04

20.83
9.04
0.00
588.47
1.81
3.28
18.40
12.27
146.15
31.32
118.35
43.10
118.30

Rate of Energy Release
(1o 16 Ergs/Year)
Below
Above
120m
120m
6

7

0.65
33.49
140.40
0.00
17.64
1.18
1.56
329.28
6.29
12.62
9.68
0.17

29.46
15.14
0.00
839.47
260.00
4.18
23.32
15.07
172.55
49.25
182.43
52.95
155.86

The discussions and comparisons carried out
after various computations, shows a clear
indication of Reservoir Induced Seismicity at
Tarbela.
The behaviour of Tarbela Reservoir is
inverse, with the number of events and energy
release i.e. at low Reservoir Level there are
higher number of events and energy release,
while at higher Reservoir Level there are lower
number of events and energy release. There is
difference of energy release when Reservoir
Level above 120 meters than below 120 meters.
Also the two prominent faults within the study
area have shown variation in energy release for
Reservoir Level above and below 120 meters.

ENERGY RELEASE ALONG FAULTS
Indus-Darband and Tarnawi - Punjal faults are
also the source of energy release in the area
of study. Computations for yearly energy
release due to these faults, for Reservoir
Level above and below 120 meters were also
carried out. These are presented in Table 4.
The Table indicates that along these faults the
rate of energy release is nearly three times
greater when Reservoir Level is below 120
meters than above 120 meters.
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